


— OE AN LAIN Tg IR SY A ON me 
— —- ——— 


' 
ii 


———— 


a een 


Number 11 


Cati 


A Technical Publication Devoted to 





Vay 
vay 
oN 
— 
ot 
U 
“2 
= 
U 
> 
7 








Volu mye = 


Se ete te ane ne meen came op oe we 


























THIS ISSUE 


Railroad Diesel 


Fuels and 


Lubricants 





























the Selection and Use of Lubricants 


PUBLISHED BY 


THE TEXAS COMPANY 





TEXACO PETROLEUM PRODUCTS 








-_" = 


- vw 








The TL&S LINE, of course, is the complete line 
of Texaco Lubricants and Service for railroads, 
available in all 48 States. For instance — 

Texaco Dieseltex HD — the heavy duty, fully deter- 
gent and dispersive oil that assures clean diesel 
engine operation. 

Texaco Airtac—the coating that assures maxi- 
mum efficiency from diesel air filters. 

Texaco Geartac RR —the traction motor gear 
lubricant for longer mileage between servicing 
periods in the new tight gear cases. 

Texaco 979 Roller Bearing Grease —the fully 
AAR-approved grease for journal roller bear- 
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ings, that assures longer bearing life, lower 
maintenance costs. 
Texaco Car Oil 1960 —the premium-quality car 
oil that assures more car miles per hot box set-off. 

These and other Texaco Railroad Lubricants, 
plus Texaco Systematic Engineering Service, are 
available in all 48 States. Let a Texaco Repre- 
sentative give you full information. Just call the 
nearest Railway Sales Office in New York, 
Chicago, San Francisco, St. Paul, St. Louis, or 
Atlanta. Or write: 

The Texas Company, Railway Sales Division, 
135 East 42nd Street, New York 17, N. Y. 


TEXACO Railroad Lubricants WA vas 


AND SYSTEMATIC ENGINEERING SERVICE 
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Railroad Diesel Fuels and Lubricants 


F one werc 
railroading, 


to stop now to write a history of 
the introduction and use of Diesel 

Electric locomotive power would no doubt be 
recorded as one of the most significant develop- 
ments in this great industry. While the lonesome 
wail of the steam whistle and the puffing and snort- 
ing of the steam locomotive had become symbols of 
travel and the power to haul freight and passengers, 
it was only natural that the development of a more 
economical and efficient type of power would be 
adapted for railroad use. 

Following a brief induction period after 1934 
there was a phenomenal increase in the use of Diesel 
power, as illustrated in Figure 1. By 1952 the num- 
ber of Diesel locomotives had exceeded the number 
of steam locomotives on domestic railroads, and if 
one were to gaze in the crystal ball and project the 
curve into the future, nearly complete Dieselization 
would be expected between 1960 and 1965. In 1954 
Diesel clectric locomotives accounted for 84% of 
freight gross ton miles, 86% of passenger train car 
miles and 90% of locomotive hours in yard switch- 
ing service based on ICC statistics. Today it is esti 
mated there are over 25,500 Diesel units represent- 
ing an imposing 34,500,000 total horsepower. _ 

The main incentives for rapid Dieselization of 
the railroads were lower operating costs, increased 
availability, and more flexible utilization of power. 
The Diesel engine burns fuel much more efficiently 
than the steam locomotive and a survey of many 


reduction in 
the cost of operation and maintenance compared to 
steam power. As the Diesel locomotive does not 
require as much time for servicing and overhauling, 


railroads will show as much as 50% 


in many cases, it is available for useful work in 
excess of 90% of the time. It should be pointed 
out that these economies did not take place over- 
night but were the result of a tremendous amount 
of research and development on the part of the loco- 
motive builders, railroads, and other supporting 
industries 

While the Diesel electric is now established as 
the basic type of power in the United States, con- 
siderable effort is being directed to reducing operat- 
ing costs and improving unit performance. Thus, 
further increase in horsepower output per locomo- 
tive can be expected, and based on present develop- 
ments, this will probably be accomplished by more 
intensive supercharging and higher engine speeds. 
This coupled with a trend to use lower cost and cor- 
respondingly lower quality fuels can be expected 
to place increasing demands on the lubricant to 
permit satisfactory operation. 
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Continued advances have been made on engine 
design since the first units were placed in service. 
These advances have come about step by step in true 
engineering fashion, and the improvements have 
resulted generally in increased power output per 
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Figure 1 — Curves illustrating the growth of Diesel locomotive 
power compared with steam power. 


cubic inch of displacement to meet the ever pressing 
demands for increased unit output. Locomotive 
manufacturers are not slowing down along these 
lines either. Improved manufacturing techniques 
along mass production lines, coupled with the use 
of materials that will withstand higher temperatures 
and pressures, are making it possible for further 
progress in Diesel locomotive development. 
These continued advances have imposed several 

problems on lubricating oil performance including: 

Ring Sticking and Breakage 

Valve Sticking and Blowing 

Wear 

Metal Corrosion, Including 

General Engine Cleanliness 

Viscosity Buildup and Oil Contamination 

These problems vary in importance depending 

upon type of locomotive power: whether freight, 
passenger, or switcher; type of engine, whether 2 
cycle or 4 cycle, supercharged, etc.; and how the 
power is operated and/or maintained. The current 
trend to burn lower cost fuels also influences the 
severity of these problems and introduces other fac- 
tors which require careful consideration. 


Silver 


Ring Sticking and Ring Breakage 

Ring sticking and ring breakage problems are 
generally associated with improper maintenance or 
operation, although the type of fuel and lubricating 
oil can be important factors. Ring sticking is pri- 
marily related to ring temperature. Provided com- 
bustion is complete and ring temperatures are below 
375°F., ring sticking is not likely to be a problem. 
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With increased horsepower outputs, however, ring 
sticking can become a problem if ring temperature 
increases in the range of 375°-450°F. In this 
range, the type of oil is important and heavy duty 
detergent oils or naphthene type are best. Above 
450°F. all oils seem to carbonize. Occasionally the 
top ring is swept by hot combustion gases and 
burned clean in which case the second ring may 
stick. Ring sticking may also be caused by wavy 
or warped ring lands. If ring sticking cannot be 
eliminated by proper selection of lubricating oils 
then ring temperatures will have to be reduc ed by: 
increasing ethciency of jacket cooling system; in- 
creasing piston cooling; improving fit of rings in 
cylinders to eliminate blow-by; reducing peak loads. 
Other methods of correcting ring sticking are: 
reducing the amount of oil reaching the rings; 
increasing ring groove clearance; improving com- 
bustion. Ring sticking can also be due to cold, light 
load operation causing fuel varnish deposits which 
streak the piston in an irregular pattern easily 


identified. Control of ring temperature, which 
governs ring sticking is, however, primarily a 


question of design of pistons, rings and cylinders. 

Ring breakage may be due to factors causing 
ring sticking in addition to: excessive side clear- 
ance causing unnecessary ring fluttering; excessive 
cylinder taper, causing ring flexing; hard carbon 
ash deposits non-uniformly located in ring grooves; 
combustion knock caused by improper timing or 
low cetane number fuels; continuous overload or 
overspeed operation. Operation in accordance with 
recommended procedures, combined with good 
maintenance, will reduce ring sticking and ring 
breakage to a minimum. 


Valve Sticking and Blowing 

Several factors can influence exhaust valve stick- 
ing and blowing, the most important of which are 
conditions leading to high operating temperatures. 
Causes of valve sticking may include insufficient 
valve stem to guide clearance at operating tem- 
perature; cocked or bent valves: scratched or nicked 
valve stems from improper handling; deposit build- 
up on valve stems near the end of the valve guide 
due to high valve temperatures. Assuming the 
valves are properly installed, the use of a heavy duty 
lubricating oil will generally correct valve sticking 
from deposit buildup. Increased horsepower out- 
puts and speeds tend to increase valve temperatures 
and place increased demands on exhaust valve 


cooling. 


Wear 

Wear of piston rings and cylinder liners is a 
result of corrosion, erosion and abrasion. The de- 
gree that these mechanisms influence wear will 
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depend to some extent on the operating conditions 
encountered. Wear due to corrosion means chemi- 
cal attack of piston rings and cylinder liner sur- 
faces by vapors or acids. These corrosive materials 
form from products of fuel combustion, some of 
which do not have an opportunity to exhaust from 
the cylinders. The extent these corrosive materials 
are formed depends on fuel quality, completeness 
of combustion, jacket cooling temperature, exhaust 
back pressure and lubricating oil quality. Fuel 
juality and completeness of combustion go hand 
in hand. For example, it is easier to completely 
burn the lighter distillate fuels than heavy residual 
oils. Fuel contaminants such as sulfur and nitrogen 
compounds also can form corrosive materials dur- 
ing combustion, particularly in the presence of 
water vapor, with low jacket water temperatures. 
Trace elements in residual fuels such as vanadium, 
sodium, etc. are likewise a source of potentially 
corrosive as well as abrasive materials. Maintain- 
ing jacket water temperatures sufficiently high is 
an important factor in reducing this type of wear, 
also exhaust back pressures should be as low as 
practicable. Heavy duty type lubricating oils have 
helped minimize corrosive wear; however, the ex- 
tent such oils will combat the effects of corrosion 
from the use of residual type fuels is yet to be 
clarified. Abrasion and erosion are influenced by 
many of the same factors that affect corrosive wear, 
in addition to air cleanliness and combustion cham- 
ber deposits. Properly filtered air is one of the most 
important factors in decreasing abrasion wear. 


Figure 2 illustrates the effect of sand particles 


separated from oil groove deposits on liner scratch- 
ing. Impingement type air filters using a petroleum 
product as a dust catching medium are widely used, 
as well as centrifugal types w hich separate solid 
particles from the air by centrifugal force. Regard- 
less of the type of filter used, it should be given 
proper attention to maintain its effectiveness. 





Engine Deposits 


From a practical consideration, engine deposits 
can be divided into two categories—those that cause 
engine malfunctioning and those that do not. 
While engine cleanliness is a desirable objective, 
the engine itself is not concerned unless deposits 
interfere with its normal breathing or digestive 
functions. Varnish or lacquer films which occa- 
sionally form on cylinder walls, piston skirts, crank- 
shafts and connecting rods, for example, do not 
as a general rule impair engine operation. Actually, 
such thin deposits can be beneficial in that they 
serve as a protective film against rusting or corro- 
sion during periods when the engines are out of 
service. On the other hand, deposits which accumu- 
late in cylinder ports, on valves, in piston ring 
grooves and in combustion chambers are objection- 
able and if not guarded against can lead to operat- 
ing troubles. 

There are three different basic types of deposits 
which may form in an engine—oil carbon, oil 
oxidation and oil water mixtures. The usual engine 
deposit may combine two or all three of these. 
The oil carbon type is usually due to soot from 
incomplete combustion. This can be related to fuel 
quality, poor injection, restricted air supply, over- 
loaded condition, low jacket temperatures and worn 
piston rings and liners. These factors should be 
checked when encountering this type of deposit. 
Use of a detergent heavy duty oil will reduce the 
etfects of fuel soot deposits in addition to improved 
filtration and more frequent oil changes. The o7/ 
oxidation type deposit is usually due to high oil 
temperatures. To reduce oil temperatures: check 
cooling system, fan, radiators, hose connections, and 
scale in water jackets; lower jacket temperatures; 
clean oil cooler. Other methods for reducing this 
type sludge are: drain oil more frequently; use 
higher cetane, lower sulfur fuel. The use of a heavy 





Figure 2 — Photographs illustrating the effect of sand (left) 
removed from piston oil ring deposit on cylinder 
liner scratching. 
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TABLE | 
PHYSICAL PROPERTIES — BEARING MATERIALS 


Confirm- 








Load Minimum ability and 
Carryine Shaft Fatigue Anti- Embed- 
Capacity Hardness- Strengt/ Seizure dability 
Bearing Metal (a) Brinell (a) (a) (a) 
Lead or lead-tin coatings ; (b) 2 2 
Lead-base babbitt 5 (b) 3 | l 
Tin-base babbitt 5 (b) 3 l 
Silver-hardened lead 4 (b) 2 | l 
Arsenic-hardened lead 4 (b) 2 l 1 
Calcium-hardened lead 4 (b) 2 | l 
Cadmium 4 200-250 2 l l 
Copper-lead 3 250-300 2 2 2 
Silver l 300 l 2 2 
Aluminum 2 300 2 2 3 
Lead-bronze | 300 l 3 3 
(a) Relative ratings — 1 being best. (b) Not important. 


duty oil will reduce this type of deposit; however, 
with increased power outputs, it may be necessary 
to increase piston cooling and increase crankcase 
capacity. Oil water type deposit is usually due to 
water contamination, low crankcase oil temperature 
or poor crankcase ventilation. Checking crankcase 
vent lines and increasing jacket water and oil tem- 
perature should reduce this type sludge. Steps 
should be taken also to correct any water leaks. 


Bearings 


Improvements in bearing design and metallurgy 
have been necessary to withstand increased loads 
and temperatures in higher output engines. The 
development of stronger bearing materials has also 
placed increasing demands on the lubricating oil 
to provide satisfactory lubrication and corrosion 
protection with the various type bearings used. 
Improvements in bearing design include the de- 
velopment of precision type bearings with increased 
attention given to bearing clearances, oil grooving, 
oil flow and heat dissipation for the loads and 
operating conditions encountered. The stronger 
more fatigue resistant bearing materials used in 
railway Diesel engines includes copper-lead, silver, 
aluminum and lead-bronze types. Physical proper- 
ties of these materials are shown in Table I. While 
these materials have high load carrying capacities, 
it will be noted their conformability, embeddability 
and antiseizure characteristics are not as good as 
the babbitt type. Accordingly, different alloys may 
be combined to obtain the optimum characteristics 
of each material as illustrated in Figures 3 and 4. 
Harder shafts are usually employed with these 
higher strength bearings and the oil must be ade- 
quately filtered for best performance. 


From a practical standpoint, the aluminum and 
lead-bronze bearings are relatively non-corrodible. 
Copper-lead and silver bearings are, however, sub- 
ject to corrosion depending on the type oil and 
service conditions encountered. In the copper-lead 
bearings, unless the oil is suitably inhibited, the 
lead phase may be dissolved by the lower molecular 
weight organic acids which result from oil oxida- 
tion. An example of this corrosion is illustrated in 
Figure 5. Note that the grey lead areas have been 
removed resulting in weakening of the bearing 
structure which can lead to eventual failure. The 
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Figure 3— Cross-section of tri-metal copper-lead bearing 
with lead-tin alloy overlay (150X). 
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Figure 4 — Cross-section of lead-bronze bearing with over- 


lay (100X). 


presence of water contamination in the crankcase 
oil can also adversely affect lead corrosion. For 
silver bearings, the corrosion mechanism is much 
the same as houschold silver tarnishes. Here the 
chemical reaction involves the conversion of silver 
to silver sulfide. In general, straight mineral oils 
even when oxidized will not corrode silver. Oils 
diluted with high sulfur fuel and oxidized may 
corrode silver due to the presence of sulfur com- 
pounds. Certain additives which protect against 
corrosion of copper-lead and other alloy bearings 
may also react with bushings made of silver. An 
example of this is shown in Figure 6. Excessive 
temperatures can adversely affect corrosion as well 
as reduce the strength of bearings, and bearing 
temperatures should be kept as low as practicable 
consistent with satisfactory operation. From this 
brief discussion, it can be seen the development of 
heavy duty oils for higher output engines requires 
a careful balance of additive components to pro- 
vide satisfactory lubrication and corrosion protec- 
tion for all types of bearings used. 


Oil Performance 

Lubricating oil performance depends on several 
factors; one of the most important in high output 
engines is temperature. If temperatures are too low, 
usually below 140°F., the oil may become contam- 
inated with condensed moisture which can lead to 
the formation of deposits from oxidized oil and 
partially burned fuel materials. 

Low temperatures also increase viscosity with 
resultant effect on friction and reduced filtration 


ethciency. Excessively high temperatures can result 
in the formation of both soluble and insoluble 
oxidation products which can lead to increased vis- 
cosity and the formation of varnish, lacquer and 


coke-like deposits. 


It has been generally observed that a properly 
refined oil will not oxidize appreciably below 
200°F. 
tion is more rapid and the rate depends on such 
factors as the presence of metallic catalysts, soluble 
metal compounds, water, degree of aeration and 
temperature and time of exposure. The incorpora- 
tion of suitable additives will inhibit these oxida- 
tion effects, however, there is a limit to the etfec- 
tiveness of these materials. Figure 


Above this temperature, however, oxida- 


illustrates 
the effect of crankcase temperature on oil oxida- 
tion using data obtained from a railroad type Diesel 
engine. As a general rule, crankcase oil tempera- 
tures in the range of 160° to 200°F. will provide 
the best performance with heavy duty type oils 
used in railway Diesel engines. Continued opera- 
tion above these temperatures will require more 
frequent drain periods and increased maintenance. 
The temperature and time the oil is exposed to hot 
surfaces—for example, the undersides of pistons— 
also increases oil deterioration rates. Accordingly, 
higher output engines will probably require in- 
creased circulation of piston cooling oil and pos- 
sibly increased crankcase oil capacity and larger 
oil coolers. 


In addition to temperature effects, the accumu- 
lation of oil contaminants such as unburned fuel 
soot materials, dirt and dust, fuel dilution, metal 
particles, water and water treating materials affects 
oil performance. Suitably designed and maintained 
filters are therefore necessary to keep filterable con- 
taminants as low as possible at all times. 





Figure 5 — Corroded copper-lead bearing showing lead re 
moval near surface followed by pounding down of copper 
filling in the voids. 





LUBRICATION 


November, 1955 





Figure 6 — Silver connecting rod bushings showing the effects of additive reactivity with different type 
heavy duty lubricating oils. 


Railway Diesel Lubricants 

When the first Diesel 
service, the engines were lubricated with straight 
mineral oils generally of the naphthene variety. Such 
oils performed extremely well. These oils still give 
a very good account of themselves in later more 
modern equipment in certain operations. To lubri- 
cate the modern Diesel electric locomotive operat- 
ing in heavy duty service to the best advantage, oils 
with properties enhanced along certain lines are 
used. Characteristics which a good railway Diesel 
oil must possess include: 

1. Oxidation stability to reduce deposit forma- 
tion and withstand viscosity buildup. 

. Adequate film strength to reduce wear of mov- 
ing parts to a minimum. 

3. Corrosion resistance to prevent acid attack of 
metals, particularly those used in bearings and 
bushings. 

. Dispersion and detergency to hold contami- 
nating materials in suspension or solution 
thereby reducing the tendency to deposit out 
on engine parts. 

5. Rustproofing sufficient to prevent rusting of 


locomotives went into 
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Figure 7 — Effect of crankcase temperature on oil oxidation. 
Data obtained in a railroad type Diesel engine. 


metal surfaces during locomotive engine shut- 
down or temporary storage. 

Over the last several years, petroleum research 
laboratories have learned a great deal more about 
these lubricating oil characteristics. They know, for 
example, how to improve certain properties with- 
out interfering with the others in order to provide 
an oil which will successfully handle a specific 
lubrication assignment. With regard to Railway 
Diesel lubrication, improved oils have come into 
existence by: 

1. Selecting base stock from best available crude 
sources. 

. Refining with processes which will remove all 

undesirable properties. 

3. Incorporating chemical additives* that will en- 
hance desirable characteristics in a finished oil. 
After the final formulation of an oil has been 

decided upon, it has to be tested extensively and 

exhaustively in the laboratory under a great variety 
of conditions, even to the extent of evaluation in 
full scale Diesel locomotive engines. (See Figures 

8 and 9.) Following this, hundreds of thousands of 

miles of satisfactory field experience in all types of 

locomotive Diesels in all types of service must be 
accumulated before the oil can be considered as 
entirely acceptable. 


ie) 


FUELS 
One of the initial claims made for Dr. Diesel’s 
engine was that it could burn a wide range of in- 
expensive fuels. In fact it is understood one manu- 
facturer’s early fuel specification stated that ‘This 
engine will burn any liquid fuel that will flow 
by gravity through a 14” pipe 10 feet long.”’ Need- 
less to say there has been considerable change in 

specifications since that time. 
With continued refinements in engine design in- 


*A more detailed discussion of additives is given in Lubricauor 


Vol. 38, No. 1, 1952 
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Figure 8 —A full-scale, six-cylinder, 660 HP, 567C Electro- 


Motive railroad locomotive Diesel engine set up in the labora- 


tory for study of fuels and heavy duty lubricating oils. 


luding increased speeds and loads and solid injec- 
it was found that the engines gave good 


< 


t10n systems, 
performance on a clean burning distillate fuel having 
vood ignition and handling characteristics. Conse- 
the railroad type Diesel engines 

vere designed to ei and burn a relatively good 
sn ality distillate fuel. Until recent years, practicé lly 
all of the fuel burned in Railway Diesel engines was 
made from straight run distillates. Now, 


most of 


because of 


the greatly expanded use of the Diesel engine, it is 
not possible to supply enough straight run Diesel 
fucl to meet the demand. To increase the supply, 
the higher quality cracked distillates are blended 
with straight run stocks. When suitable components 
are used, the resulting fuel provides satisfactory 
engine operation and satisfactory storage stability 
and handling characteristics. 

As previously mentioned, the railroads are con- 
tinually studying ways to improve economy and 
utilization of power. One of the more significant 
studies being made is the use of lower cost or 
“Economy” Diesel fuels. This is a natural step since 
railway Diesel fuel costs may represent as much as 
65% of the total cost of operating a locomotive. The 
railroads will probably consume over 3.5 billion 
gallons of fuel in 1955. Substantial economies might 
be realized provided the lower cost and correspond- 
ingly lower quality fuels are generally available and 
provided their use does not introduce added main- 
tenance and operating difficulties which would offset 
any savings in fuel costs. 


Types of Fuels 
At the present time, 


burned in American Diesel locomotives may fall 
general listed in the order of 


the majority of fuels being 


into hive 
their relative costs. 


categories, 





Figure 9—A full-scale, 


12-cylinder, 
laboratory for study of fuels and heavy duty lubricating oils. 


1600 HP Model 244 Alco Products railroad locomotive Diesel engine set up in the 
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Figure 10 — Condition of pistons and rings after 500 hour 
full-scale laboratory engine tests using 50 (left) and 40 (right) 
cetane Diesel fuels. 


RAILROAD DIESEL FUELS 
1. Diesel Fuel No. 1* (50 Plus Cetane Number) 
2. Diesel Fuel No. 2* (45-49 Cetane Number) 
3. Diesel Fuel No. 3* (40-44 Cetane Number) 
4. Economy Fuel (35-39 Cetane Number) 


5. Blended Fuel (Blends of Residual and 
Distillate Fuels) 
(Also classified by some railroads as Grades A, B, C, etc.) 


The first four grades are 100 percent distillate 
fuels and with the exception of the lower cetane 
number of the Economy Fuel, their range of charac- 
teristics generally falls within the ASTM classifica- 
tion for No. 2D Diesel fuels.! There are, however, 
some heavier grades of Economy Fuels being con- 
sidered, including heavy straight run distillates and 
heavy cracked distillates which would fall outside 
the ASTM D2 classification. The Blended Fuels 
generally fall within the ASTM classification for 
No. 4D! Diesel fuel; however, this depends upon 
the amount and type of residual component. 


As a general rule, the lower cetane fuels contain 
increasing amounts of cracked distillates from cata- 
lytic refining processes. These processes are widely 
used throughout the petroleum industry to increase 
the yields of high octane gasoline and middle dis- 
tillate fuels from a barrel of crude oil to meet the 
demands for these products. The cost of the lower 
therefore, closely related to their 
value as recycle or charging stocks to these processes 
or to their value as blending components in other 
products. In order to preserve any economical advan- 
tages, the lower cetane fuels will generally be less 
uniform and their specifications more liberal. Their 
availability and uniformity will also tend to vary 
with individual refineries, geographical location, 
quality of crude being processed and variations in 


cetane fuels ts, 


1Tentative classification of Diesel Fuel Oils ASTM Designation 


D975-53T,. 


November, 1955 


seasonal demands for different fuels. It should also 
be recognized that the supply of additional fuels not 
already on the market requires additional storage 
and handling facilities involving dual investment 
which adds to the overall cost of such fuels. 


Fuel Performance Characteristics 

The first two grades of fuel in the 45 to 50 plus 
cetane range are widely used and their good per- 
formance characteristics in railroad Diesel locomo- 
tives are well known. 

Considerable experience has been obtained with 
the No. 3 type 40-44 cetane fuels with generally 
satisfactory results. Less experience has been ob- 
tained with the 35-39 cetane Ei onomy grades in the 
ASTM No. 2 distillation range, although experience 
to date has not shown any serious operation il dith- 
culty. These fuels may be a blend of cracked distil- 
lates with straight run fuels or 100% cracked distil- 
which results in a lower API gravity and 
higher BTU content per gallon. The fuels may have 
a wider distillation range and higher sulfur and 
carbon residue values than the 45 and 50 plus 
cetane fuels. Stability and compatibility are also 
factors that must be considered. 

Extensive CRC full-scale field service tests with 
fuels having 40 cetane number, 1% sulfur and 
700° F. end point indicate such fuels can be used 
without any serious operational difficulties. When the 
final report on these tests is completed, further infor- 
mation should be available as to the possible effect 
on wear, deposits, etc. Figure 10 shows the con- 
dition of pistons after 500 hour severe cycling tests 
in a full scale laboratory test engine using 50 and 40 
cetane fuels having characteristics listed in Table II. 
From a cleanliness standpoint, no significant differ- 
ences were found between the two fuel tests with 
the same heavy duty railway Diesel lubricating oil. 
In addition, there was no evidence of increased oil 


lates, 


deterioration with the higher sulfur content 40 
cetane fuel, although service life of the oil filters 


was shorter. Economy fuels in the 35 cetane range 
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Figure 11 — Effect of temperature on the amount of waxes 
and residues centrifuged from a residual type fuel. 


{ 128 } 








ATMA 














NT 


$ 











LUBRICA 





TION 











TABLE Il 
ANALYSIS OF FUELS USED IN LABORATORY ENGINE TESTS 
50 Cetane 40 Cetane Residual 
Distillate Distillate Distillate 
Fuel Fuel Blend 

Gravity, “API 34.2 33.2 32.6 
Flash, PM °F. 172 152 164 
Viscosity, SSU @ 100°F. 37.3 32.4 39.0 
Pour, °F. 0 —40 —15 
Sulfur, % 0.66 0.94 0.86 
Carbon Residue on 

106 Residuum % — 0.05 0.25 1.444 
Distillation, °F. 

10% 445 434 417 

SO% IZT 457 199 

90% 623 507 705 

End Point 674 574 b 
Cetane No. 51 10 15 
Ash Nil Nil 009 
Vanadium (Parts per Million) ‘5 
Sodium ‘ - _ 2 
On whole sample. Not obtained fuel cracked at 710°F. 


may present some starting difficulties at low ambient 
temperatures and possibly inc reased smoking while 
idling; otherwise, operation at part and full loads 
should be satisfactory. While additional experience 
will be required to evaluate the overall economics, 
at the present time, the use of the 40-44 cetane No. 
3 grade or the 35-39 cetane Economy fuels may be 
the most logical approach to the use of lower cost 
fuels without having to resort to extensive engine 
modifications or changes in fuel handling practices 
and equipment. Some of the light and intermediate 
cracked distillates may not be as storage stable as 
conventional fuels and the use of larger, more efh- 
cient fuel filters may be desirable. Stability charac- 
teristics can be improved either by additional proc- 
essing or use of additives at slight increased cost. 
Additional processing could also be effective in re- 
ducing sulfur content and increasing cetane number; 
however, this would tend to bring the quality and 
price in line with regular Diesel fuels. Also such 
fuels would have a high value as catalytic charge 
stocks. 

Heavier grades of Economy fuels being studied or 
tested by some railroads may include the heavier 
vacuum distilled gas oils, heavy cracked gas oils or 
biends of these products with lighter distillates. 
These products have still lower API gravities and 
correspondingly higher BTU content per gallon; 
however, due to their higher pour points (up to 
85-90°F.) and viscosities (up to 1050 SSU @ 
100°F.) such fuels will generally require the instal- 


lation of necessary heating equipment on locomo- 
tives, as well as in storage facilities, lines, etc. to 
insure satisfactory pumpability. Heating equipment 
may also be required to reduce the viscosity at the 
injectors to obtain suitable spray characteristics for 
satisfactory combustion. As such fuels may be sub- 
ject to wide variations in viscosity, automatic con- 
trols will be required to insure correct viscosity at 
the injectors. Depending on the type of heating sys- 
tem used, controls will also be required to prevent 
over-heating of the fuel to avoid excessive deposits 
and plugged lines. Larger fuel filters will be required 
and filter heating equipment may be necessary to 
prevent rapid plugging of elements by wax and resi- 
dues. Figure 11 illustrates the effect of increased 
temperatures on dec reasing the amount of waxes 
and residues centrifuged from a fuel. 

The use of high pour, heavy distillates in Railway 
Diesel engines is rather limited. There is some 
experience, however, to indicate such fuels can be 
burned very well, particularly at the higher loads 
and speeds, if properly heated. Increased smoking 
and deposits may be encountered at low speeds and 
idling, which could place increased demands on 
lubricating oil requirements. Depending on ambient 
temperatures, an auxiliary fuel system may be re- 
quired to flush out the main fuel system with light 
fuel during shut down to prevent the heavy fuel 
from solidifying in the lines. In this regard, some 
tests are being made with auxiliary fuel systems 
equipped with special valves which will automati- 
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Figure 12 — Condition of pistons and rings after 300 hour 
full-scale laboratory engine tests using a 50 cetane reference 
fuel (left) and a residual-distillate blended fuel (right). 


cally switch from heavy to regular fuel at a 
termined throttle position. These so-called “dual- 
fuel” systems are designed to permit automatic 
operation on heavy fuel at the higher speeds and 
switching to regular Diesel fuel at the time 
throttle position is reduced to third notch or lower. 
This is in the slow speed and idle range where com- 
the heavy fuel would be more critical. 
Further experience will be necessary to evaluate the 
performance and reliability as well as the economics 
of this system in actual operation. It can be seen 


prede- 


loads, 


bustion of 


from the foregoing that several factors must be in- 
cluded in considering the overall economy of these 
heavier distillate fuels 
Residual Fuels 

The successful use of residual fuels railway 
Diesels would be expected to result in the best 
economy from a fuel cost st andpoint. Unfortunately, 
the characteristics of these fuels make them even less 
suitable as railroad Diesel fuels than the heavy dis- 
tillates. In addition to wide variations in gravity, 
viscosity and pour point, these fuels may contain 
appreciable amounts of sulfur, carbon residue and 
metallic ash constituents, including vanadium and 
sodium which can adversely affect engine operation. 

Some railroads are exploring the possible use of 
residual fuels using a “‘dual-fuel” system discussed 
in the previous section on heavy distillate fuels. 
However, it appears that increased problems of han- 
dling, heating, and filtration in addition to problems 
of combustion, deposits, wear, corrosion, etc. will 
require considerable study before the use of straight 
residual fuels is considered practical. 
Residual Distillate Blends 

To reduce the severity of problems indicated with 
straight residual fuels, some railroads are either 
testing or studying the use of residual fuels blended 


with lighter distillate fuels. This results in a lower 
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viscosity fuel that is easier to handle; however, some 
blending components may not be compatible which 
could lead to fuel filtration problems and possible 
injector difficulties unless the blends are carefully 
controlled. While amount of the 
lighter blending component reduces the problems 
indicated for straight residual fuel, the cost is corres 
pondingly increased. Therefore, it can be seen con 
siderable experimentation will be required to de 
termine the optimum fuel characteristics that will 
provide the best overall economy. Depending on the 
nature of the blending a used, suitable 
fuel heating equipment as well as ‘‘dual-fuel’’ sys- 
tems may also be required in the h. nine and burn 
ing of residual distillate blends. 


increasing the 


Figures 12 and 13 show the condition of pistons 
from 300 and 500 hour laboratory tests in full scale 
railway Diesel engines burning a residual distillate 
blended fuel for comparison with similar tests using 
the 50 cetane fuel listed in Table II. The 300 hour 
tests were run at full load and speed throughout. 
The 500 hour tests included 400 hours operation 
under severe cycling conditions, an cycle consist- 
ing of 2 hours full load and speed alternating with 
one-half hour at idle, followed by 100 hours at full 
load and speed. A medium detergency level heavy 
duty lubricating oil was used for each test. No serious 
operational difficulties were encountered in either 
series of tests which could be attributed to the fuels 
or lubricants used. It was, however, necessary to in- 
stall larger capacity fuel filters and to change ele- 
ments at frequent intervals to avoid fuel starvation 
from plugged elements. No unusual deterioration 
effects were noted in the condition of the used lubri- 
cating oil except in one test a sharp reduction in ash 
content was observed after the crankcase oil became 
diluted with approximately 2% residual distillate 





Figure 13 — Condition of pistons and rings after 500 hour 
full-scale laboratory engine tests using a 50 cetane reference 
fuel (left) and a residual-distillate blended fuel (right). 
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Figure 14 — Deposit build up on injector tips using residual-distillate blended fuel. 


fuel. In general, the tests showed some increase in 
deposits and wear would be expected with this par- 
ticular type of residual-distillate fuel in railroad 
service. Some improved cleanliness would be ex- 
pected with a higher additive level oil; however, 
additional field testing will be required to determine 
if such oils will improve performance from a wear 


standpoint. 


In both tests, the engines were able to maintain 
full power outputs with clean exhausts, indicating 
satisfactory injector performance. There was, how- 
ever, increased deposit buildup on fuel injector tips, 
as illustrated in Figure 14, indicating increased in- 
jector maintenance will be required with the residual 
distillate blends. The continued buildup of adherent 
type deposits would not only affect fuel spray char 
acteristics and result in poor combustion efficiency 
but would also contribute to increased engine de 
posits and wear. With the use of lower quality 
fuels, good combustion characteristics become an 
increasingly important factor. Some modification in 
fuel injector design may be required to provide 
satisfactory spray characteristics with the heavier 
fuels. Also, changes in fuel injection rates and tim- 
ing may be desirable to compensate for ignition 
characteristics of low cetane number fuels. 

The most significant differences between the two 
fuels were corrosion and pitting of the exhaust valves 
and seats with the residual-distillate fuel as illus- 
trated in Figure 15. In the 300 hour run, only the 
top of the exhaust valve head was affected; how 
ever, in the 500 hour test, both the exhaust valve 
faces and seats were attacked. Examination of the 
valves and deposits indicated the corrosive attack 
was due to the small amounts of vanadium and 
sodium present in the residual component of the 
fucl. These trace elements, even when present in 


I uel Oil Ash ¢ rrostion hy 
Gardener and D. G. Sanders, ASMI 
. luation of Corrosion Resistance For 
rials’ by W. E. Young, A. E. Hershey; 
ASMI Paper #54-A-215 54 





TABLE III 
PPM 

Be fore After 
METAL Centrifuging 
Vanadium 39() 390 
Iron 3 3 
Nickel $2 42 
Sodium { 4 


small amounts, can be quite corrosive to certain 
metal parts when the temperature of such parts 
exposed to the combustion gas stream exceeds 
1200°F.1 * Accordingly, the most severe corrosive 
ctfect of these trace elements would be expected un- 
der high temperature conditions and during maxi- 
mum power outputs. The use of special corrosion 
resistant materials may be effective in reducing this 
type of attack, or it may become necessary to reduce 
horsepower outputs. Under certain conditions, pos- 
sibly during incomplete combustion, these elements 
may also combine to form glass-like slag deposits 
which in some cases are hard enough to scratch steel 
of 670 Brinell hardness. Such deposits can result in 
abrasion and wear of piston rings and liners if 
lodged in ring grooves and ports. These trace metals 
are generally present in a combined state in varying 
amounts from several different crude sources and 
are practically impossible to remove from the fuel 
by normal centrifuging or filtering. Table III shows 
centrifuging a sample of residual fuel had no sig- 
nificant effect in reducing the amount of vanadium 
and other trace elements. 


It is possible that special lubricants, the use of 
: E. ba shoes 
fuel additives or special fuel treatment may be em- 
ployed to remove or pacify these trace elements; 
however, until their effectiveness can be proven, the 
presence of these elements may be one of the major 
limiting factors in the use of residual fuels or their 





LUBRICATION 





November, 1955 





Corrosive attack on exhaust valve head. 


Spe cen i 
PE only 


Cross-section through exhaust valve head (75X). 


300 HOUR TEST 





Corrosive attack on exhaust valve face. 


Cross-section through corroded area on exhaust valve face. 


500 HOUR TEST 


Figure 


blends. Any special treatment would also increase 
the cost of these fuels. 


In summary, good quality fuels are available 
which will give satisfactory performance in railroad 
Diesel engines. Considerable progress is being made 
in the use of lower cost fuels; however, careful at- 
tention must be given to the several factors involved 
in the handling and burning of corresponding lower 
quality fuels to assure any savings in fuel costs will 
not be offset by increased costs of maintenance and 
handling. Several problems will necessarily require 
further research and testing which can best be 
attacked through the continued cooperation of the 
railroads, engine builders and petroleum companies 
to determine the most economic solutions. With the 
trend to increased horsepower outputs and speeds, 
the use of higher quality fuels should not be over- 
looked as a solution to the best overall economy. 


15 — Corrosion and pitting of exhaust valves due 


to trace elements in residual-distillate blended fuel. 


CONCLUSION 

The development of Diesel engines has given 
the railroads a more economical and efficient type 
of power and considerable efforts are being di- 
rected to reducing operating costs and improving 
unit performance. This, coupled with the trend to 
the use of lower cost fuels has placed increased 
demands on the lubricant to permit satisfactory 
operation. Over the years, the petroleum industry 
has demonstrated its ability to supply fuel and 
lubricants required by its customers, and the suc- 
cessful record is the result of the fine cooperative 
spirit existing between the railroads, locomotive 
builders and petroleum companies. As further de- 
velopments are made in prime movers such as gas 
turbine, free piston engines and atomic power, it 
can be expected the railroads will determine their 
economic advantages. 
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TESTING Texaco 979 
Roller Bearing Grease at 
Texaco’s Beacon Research 
Laboratories. This 7-ton 
test machine simulates 
speeds up to 100 m.p.h., 
applies 50,000-Ib. vertical 
loads and 15,000-Ib. hori- 
zontal loads, duplicates 
the conditions of actual 
road service. 


TEXACO 979 Roller Bearing Grease is one 
of the original greases approved by AAR, effec- 


tive August 1, 1951, for journal roller bearing 
lubrication. Close observation and check tests 
including those by leading bearing manufac- 
turers — plus millions of miles on more than 
fifty leading railroads — have proved that 
Texaco 979 Roller Bearing Grease retains its 
consistency in prolonged severe service. It re- 
sists leakage and stays in the bearing because it 
does not soften excessively. 

More and more leading railroads are adop- 














ting Texaco 979 Roller Bearing Grease—gaining 
important advantages in better lubrication, 
longer bearing life and lower maintenance costs. 

Why not enjoy these benefits on your road? 
A Texaco Representative will gladly give you 
the full story. Just call the nearest Texaco Rail- 
way Sales Office in New York, Chicago, San 
Francisco, St. Paul, St. Louis or Atlanta. Or 
write: 


The Texas Company, Railway Sales Division, 
135 East 42nd Street, New York 17, N. Y. 


TEXACO Railroad Lubricants (7s 





AND SYSTEMATIC ENGINEERING SERVICE 








TEXACOAIRTAC 


for maximum 
filter efficiency 










TEXACO AIRTAC 


is a special gel-type oil designed to 
assure maximum collection effi- 
ciency from all panel-type railroad 
diesel air filters. It has remarkable 
stability under application tem- 
peratures, excellent water sepa- 
ration characteristics, and is 
non-foaming. 
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COURTESY FARR COMPANY 


You can count on Texaco Airtac 
for smooth, uniform coverage (no 
“webbing” or dry spots), and high 
dust retention. In addition, Texaco 
Airtac will not creep or drip even 
at ambient temperatures as high 
as 185°F. 

Texaco Airtac is easy to apply, 
easy to remove, economical to use. 
Let a Texaco Representative give 
you full details. Just call the near- 
est Railway Sales Office in New 
York, Chicago, San Francisco, St. 
Paul, St. Louis or Atlanta. Or write: 

The Texas Company, Railway 
Sales Division, 135 East 42nd 
Street, New York 17, N. Y. 


THE TEXAS COMPANY ° TEXACO PRODUCTS ° DIVISION OFFICES 
ATLANTA, GA.. .. .864 W. Peachtree St., N.W. HOUSTON 2, TEX... .. .720 San Jacinto Street 
BOSTON 16, MASS.. .... .20 Providence Street INDIANAPOLIS 1, IND., 3521 E. Michigan Street 
ee Sor 8. Sk wc cawxaeesen P.O. Box 368 LOS ANGELES 15, CAL... . 929 South Broadway 
BUTTE, MONT........ 220 North Alaska Street MINNEAPOLIS 3, MINN... . 1730 Clifton Place 
CHICAGO 4, ILL... ..332 So. Michigan Avenue NEW ORLEANS 16, LA...... 1501 Canal Street 
DALLAS 2; TEX... . 2% 311 South Akard Street NEW YORK 17, N. Y.....205 East 42nd Street 
DENVER 3, GOLD......2. 1570 Grant Street NORFOLK 2, VA... ..3300 E. Princess Anne Rd. 


SEATTLE 1, WASH 





1511 Third Avenue 


Texaco Petroleum Products are manufactured and distributed in Canada by McColl-Frontenac Oil Company Limited. 











